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Description 



Apparatus for estimating a magnetic pole position of a motor, 

and controlling apparatus 



<Technical Field> 

The present invention relates to an apparatus for 
controlling a motor which accurately estimates a magnetic 
pole position at a very low speed including zero speed, and 
which controls the torque, the speed, and the position on the 
basis of the estimated magnetic pole position. 

<Background Art> 

As a conventional method of estimating a magnetic pole 
position, widely used is a method in which an induced voltage 
that is proportional to a motor speed is calculated from a 
motor input voltage and a current, and the speed is 
estimated, such as that reported in "Adaptive Current Control 
Method for Brushless DC motor with Function of Parameter 
Identification" IEEJ Transactions on Industry Applications, 
Vol 108 No. 12, 1988. Also known is "Zero Speed Torque 
Control of Sensorless Salient-Pole Synchronous Motor" 1996 
National Convention of IEEJ Industry Applications Society No. 
170 In this technique, an AC signal is superimposed on a 
voltage command value, and an estimated current is FFT 
analyzed to estimate the rotational speed of a motor and a 
magnetic pole position. However, a method which estimates 
the speed and position of a rotor on the basis of an induced 
voltage of a motor operates with sufficient accuracy in a 
high speed region, but cannot perform correct estimation at a 
very low speed from which little information of the induced 

voltage is obtained. ' 

Therefore, several methods have been proposed m which 
an AC signal that has no relation to a driving frequency, and 
that is used for sensing is injected into a motor, and a 
rotor position is estimated from relationships between the 
voltage and the current. However, a special signal generator 
is necessary in order to inject such a sensing signal, 
thereby causing a problem in that the control is complicated. 

Other methods in which a special sensing signal is not 
injected and a magnetic pole position is estimated by using 
high frequencies of an inverter output or currents of carrier 
frequency components are reported in "Position Sensorless IPM 
Motor Drive System Using Position Estimation Method Based on 
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Saliency" IEEJ Transactions on Industry Applications, Vol. 
118 No 5, 1998, and "Carrier Frequency Component Method for 
Position Sensorless Control of IPM Motor in Lower Speed 
Range" IEEJ Transactions on Industry Applications, Vol. l^u 
No 2 2000 The former method is characterized in that an 
inductance is calculated from high-frequency currents 
generated by output voltage high frequencies of a PWM 
inverter, and the position is estimated on the basis of the 
inductance . 

The latter method is characterized in that a phase 
difference of 120 deg . is produced in PWM inverter carrier 
signals between two of three or UVW phases to generate 
voltages and currents of carrier frequency components other 
than the driving frequency, and the position is estimated by 
using only the carrier frequency component currents based on 
the assumption that a voltage during the carrier period is 

constant. " _ , 

In IECON' OK Proc. of the 27th Annual Conference of the 
IEEE industrial Electronics Society pp. 1435-1440) "Novel 
Rotor Position Extraction based on Carrier Frequency 
Component Method (CFCM) using Two Reference-frames for IPM 
drivers", and Patent Reference 1 which is a prior patent 
application in the name of the same applicant, in order to 
further facilitate practical use of the latter method, the 
problem in that synchronization between plural current 
estimation timings in a carrier period and position 
calculation is complicated was solved by a method in which, 
with respect to a high-frequency current converted to four 
axes, a moving average value is used in each of the axes as 
described later. 

[Patent Reference 1] 

Publication of Japanese Patent Application No. 2001- 
238060 

Specifically, Fig. 6 is a block diagram of a 
conventional apparatus for detecting a magnetic pole 
position. in the magnetic pole position detector 62, three 
phase high-frequency currents output from a band-pass filter 
are converted by a coordinate converter 64 to the a- axis, the 
B-axis, the a'-axis, and the B'-axis. Peak values of the 
four converted outputs are averaged by an absolute value 
calculator 65 and a low-pass filter 66. On the bases of 
proportional relationships with inductances of the axes, a 
pole position calculator 67 calculates tan(2A0) to obtain AG, 
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thereby calculating the magnetic pole position. 

<mi srlosure of the Invention> 

the conventional technique, however, the methods 
which estimate a magnetic pole position by using harmonics of 
Tn inverter output high frequency or high-frequency currents 
of carrier frequency components have a feature that, although 
high-frequency currents caused by high-frequency voltages 
disturb the voltage of the fundamental harmonic component of 
the inverter output, the carrier frequency is sufficiently 
higher than the rotational speed of a motor, and hence the 
high"requency currents do not generate a torque disturbance. 

The merhods have an advantage that the pole position 
estimation does not involve restrictions such .« | £ 
a low-pass filter to a current feedback value and also fast 
response of the control system is enabled. From the 
viewpoint of practical use, however, there is a problem in 
cnat the levels of high-frequency currents depend on 
parameters of motors, and hence the influence is not uniform 
according to motors, thereby causing the methods to be hardly 
a-Dolied to a general-purpose system. 
PP Therefore, it is an object of the invention to Provide 
= „ S nnaratus for estimating a magnetic pole position of a 
motor and a '^trolling apparatus in which three-phase 
carriers having an arbitrary phase difference between phases 
™ a PWM output are switched to a single-phase carrier and a 
cime period of implementing magnetic pole estimation is 
adjusted to enable the amplitudes of high-frequency currents 
to be adjusted, thereby enabling application to a general 
purpose system. 

in order. to attain the object, the invention of claim 1 
is an apparatus for estimating a magnetic pole position of a 
mo tor for a controlling apparatus for driving a motor by a 
To tage source PWM inverter, and controlling a torque torque 
and speed, or torque, speed, and position of the motor, 
herein the apparatus comprises: means for etching over 
xneans 1 for producing an arbitrary phase ^ fference ™ ™ 
carrier signals between respective two phases such as UV, VW, 
or WU of three or UVW phases, and means 2 for causing the 
° P as" deference between two phases such as UV VW or WU o 
three or UVW phases to become zero; means for extracting 
frequency currents in a same frequency band as carrier 
signals generated by it, from estimated currents; and means 



for estimating a magnetic pole position by using the 
extracted high-frequency currents. 

The invention of claim 2 is characterized in that in 
the apparatus for estimating a magnetic pole position of a 
oor according to claim 1, the means for estimating a 
maonetic pole Position by using the extracted high-frequency 
IntS comprises: means for extracting t^i^fr.ju.acy 
currents from respective phase currents of the ' thre^ Phases 
of the motor; means for converting the high-frequency 
currents to two-phase currents in a two-phase stationary 
coordinate system'in which one of three-phase stato, : winding 

is a-axis and an axis intersecting the axis at 90 deg. xs 
B-axis; means for converting the high-frequency currents to 
P axis, mea two-phase stationary coordinate 

Tyllt in which a phase is similarly shifted by 45 deg. from 
the two-phase stationary coordinate system, or in which an 
that is shifted by 45 deg. from the a-axis is a -axis 



axis uiu^ -~ 

and an axis intersecting the axis at 90 deg. is B 
moans for averaging the high-frequency currents in the four 
Tes with a carrier frequency to calculate respective maximum 
values, and estimates the magnetic pole position on a basis 
of the calculated maximum values in the four axes 

The invention of. claim 3 is characterized in that in 
fhp am >aratus for estimating a magnetic pole position of a 
Total Tordin to claim 1, the means for estimating a 
Taanetic pole position by using the extracted high-frequency 
lorises: means for extracting the high-frequency 
currents from respective phase currents of the pnases o, .he 
me ans for converting the high-frequency currents to 
two-pnase : currents in a two-phase stationary coordinate 



and 



system in which one of three-phase stator windings UVW is a 
axis and an axis intersecting the axis at 90 deg. is B-axis; 
r e s for conducting conversion from the two-phase currents 
by using a magnetic pole estimated value in a two-phase 
rotating coordinate system in which y-axis is in a same 
direction as the magnetic pole position, and an axis 
intersecting the axis at 90 deg. is 5-axis; means for 
onverting the high-frequency currents to two-phase . currents 
in a coordinate system in which a phase is similarly shitteo 
Z 45 deg. from the two-phase rotating coordinate system 
i e a two-phase rotating coordinate system in which an axis 
that' is shifted by 45 deg. from the y-axis is y'-axis and an 
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axis intersecting the axis at 90 deg. is 6- -axis; and means 
for averaging the high-frequency currents in the four axes 
with a carrier frequency to calculate respective maximum 
values, and estimates the magnetic pole position on a basis 
of the calculated maximum values in the four axes. 

~ The invention of claim 4 is characterized in that, in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 1, at least two or more currents are 
estimated during one carrier period. 

The invention of claim 5 is characterized in that, in 
the apparatus for estimating a magnetic pole position of a 
tor according to claim 1, the arbitrary phase difference is 



mo 



120 deg. . , . 4.^,4- -1 „ 

The invention of claim 6 is characterized in that, in 

the apparatus for estimating a magnetic pole position of a 
motor according to claim 1, implementing time periods of the 
means 1 and the means 2 in the means for switching over the 
means 1 for producing an arbitrary phase difference in PWM 
carrier signals between respective two phases such as UV, VW, 
or WU of three or UVW phases, and the means 2 for causing the 
phase difference between two phases such as UV, VW, or WU of 
three or UVW phases to become zero are set for purposes of 
adjusting amplitudes of generated high-frequency currents, 
and reducing a power loss. 

The invention of claim 7 is characterized m that, in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 1, the means for switching over the 
m ° _ , ,^ n „ _„ _v.m-^=,>-w nh.se difference in PWM 

means 1 for proaucxiiy «n °— j p~c«»- 

carrier signals between respective two phases such as UV, VW, 
or WU of three or UVW phases, and the means 2 for causing the 
phase difference between two phases such as UV, VW, or WU of 
three or UVW phases to become zero comprises means for 
adjusting implementing time periods of the means 1 and the 
means 2 in accordance with a state of a load. 

The invention of claim 8 is characterized in that, m 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 2, the means for estimating a 
magnetic pole position by using the extracted high-frequency 
currents is executed during an implementing time period of 
the means 1 for producing an arbitrary phase difference in 
the PWM carrier signals between respective two phases such as 
UV VW or WU of three or UVW phases is implemented, and, 
during 'an implementing time period of the means 2 for causing 
the phase difference between two phases such as UV, VW, or WU 



of three or UVW phases to become zero, is stopped, and uses a 
magnetic pole position estimated by the means 1. 

The invention of claim 9 is characterized in that, in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 2, the means for estimating a 
magnetic pole position by using the extracted high-frequency 
currents is always implemented irrespective of implementing 
time periods of the means 1 for producing an arbitrary phase 
difference in the PWM carrier signals between respective two 
phases such as UV, VW, or WU of three or UVW phases, and the 
means 2 for causing the phase difference between two phases 
such as UV, VW, or WU of three or UVW phases to become zero, 
comprises means for moving averaging the high-frequency 
currents in the four axes with a carrier frequency to 
calculate respective maximum values, and estimates the 
magnetic pole position on the basis of the calculated maximum 

values in the four axes. 

The invention of claim 10 is characterized m that, in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 2, the high-frequency currents of 
the a'- and p'-axes are calculated from the high-frequency 

currents of the a- and p-axes . ^_ _ 

The invention of claim 11 is characterized in that, in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 3, the means for estimating a 
magnetic pole position by using the extracted high-frequency 
currents is executed during an implementing time period of 
the means 1 for producing an arbitrary phase difference in 
PWM carrier signals between respective two phases such as UV, 
VW, or WU of three or UVW phases is implemented, and, during 
an implementing time period of the means 2 for causing the 
phase difference between two phases such as UV, VW, or WU of 
three or UVW phases to become zero, is stopped, and uses a 
magnetic pole position estimated by the means 1. 

The invention of claim 12 is characterized m that, m 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 3, the means for estimating a 
magnetic pole position by using the extracted high-frequency 
currents is always implemented irrespective of implementing 
time periods of the means 1 for producing an arbitrary phase 
difference in the PWM carrier signals between respective two 
phases such as UV, VW, or WU of three or UVW phases, and the 
means 2 for causing the phase difference between two phases 
such as UV, VW, or WU of three or UVW phases to become zero, 
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comprises means for moving _ agin 

^"fate "respective J L values, and estimates the 
magnetic pel" J position on the basis of the calculated 
^ainpc in the four axes. 

h invention of claim 13 is characterized rn that in 
the apparatus for estimating a magnetic pole position of a 
motor according to claim 3, the high-frequency currents of 
the t- and 8-axes are calculated from the high- frequency 

estimated by the apparatus for estimating y 

e& „ laim n the components are fed back to 

llZT^Z^Z ttwe'en tneTole direction component and 
obtain airxerent, t command values, and a 

the toraue component, and current ouuuua 

current control is implemented so that the deferences be.ome 

""'The invention of claim 15 is characterized in that a 
speed is estimated by using the magnetic pole P?«ti°» 
estimated by the apparatus for estimating a magnetic pole 

*° S ^Z^Z~T^e is characterized , ir , th a, . the 
S peed estimated on the basis of the speed e =1 ng 

Sence "th respect toTspeed -mmand value, and a speed 
control is implemented so that the difference becomes zero. 

?he invention of claim 17 is characterized in that a 
rotor position estimated value which is obtained on the basis 
of the'magnetic pole position estimated by the appals £ 
estimating a magnetic pole position according to claim 1 » 
fed back to obtain a difference with respect to a rotor 
Virion command value, and a position control is implemented 
so that the difference becomes zero 

The invention of claim 18 is characterized in that the 

^"r— - oT c^: »i. characterized in that the 
invention-omprises the apparatus for estimating a magnetic 

P rara P turrordin 0 g1o n cla °n Ti ^ estimating appar t 
according to claim 15, and a speed controlling apparatus 



• CCOr r , i t n^t a i»oV claim 20 is characterised in th.« the 

invention comprises the apparatus for estimating » 

pole position according to claim 1, a current controlling 

!°„ t „, according to claim 14, a speed estimating apparatus 

apparatus accordlng d cont rolling apparatus 

^cording trcl^ lS, and a position controlling apparatus 

according to claim 17. 

.n Hpf Description of the Drawings> 

B Fi l x is a block diagram of a sensorless soeed 
controlling apparatus including the apparatus for estimating 
a magnetic pole position of a motor of the invention, 
a magnetic^ P^^ ^ ^ synchr onous motor incorporating a 

permanent magnet show^in Fig^l. ^ t f an 

implementing time period in the apparatus for estimating a 
marTnp1 -i r nole position shown in Fig. 1. 

magnetic po. P ^ ^ q£ a p(M signal generatl „ g 

apparatus shown in Fig. 1. nnlp 
Fig 5 is a block diagram of a magnetic pole 

position/speed estimating apparatus shown in Fig 1 . 

Fig. 6 is a block diagram of a conventional apparatus 
for estimating a magnetic pole position. Honft1 -« as 

in the figures, the reference numerals denote as 

follows : 
1-1 motor, 

1-2 voltage source inverter, 

1-3 PWM signal generating apparatus, 

1-4 magnetic pole position/speed estimating apparatus, 

1-5, 1-6 two to three-phase converter, 

1-7' current controller, speed controller, 

1-8 current detector, 

1-3-1 carrier signal generator, 

1-3-2 phase shifter, 

1-3-3 timer, 

1-3-4 changeover switch, 

1-4-1 band-pass filter, 

1-4-2 current coordinate converter, 

I-4-3 average calculator, 

1-4-4, 1-4-6 low-pass filter, 

I-4-5 differentiator. 



<Bes 



t Mode for Carrying Out the Invention> 
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Hereinafter, an embodiment of the invention will be 
described with reference to the drawings. 

Fig. 1 is a block diagram of a sensorless speed 
controlling apparatus including the apparatus for estimating 
a magnetic pole position of a motor of an embodiment of the 
invention . 

Fig. 2 is a model of a synchronous motor incorporating a 
permanent magnet shown in Fig. 1. 

Fig. 3 is a waveform chart illustrating adjustment of an 
implementing time period in the apparatus for estimating a 
magnetic pole position shown in Fig. 1. 

Fig. 4 is a block diagram of a PWM signal generating 

apparatus shown in Fig. 1. 

Fig. 5 is a block diagram of a magnetic pole 
position/speed estimating apparatus shown in Fig. 1. 

In Fig. 1, 1-1 denotes a motor incorporating a permanent 
magnet, 1-2 denotes a voltage source inverter, 1-3 denotes a 
PWM signal generating apparatus, 1-4 denotes a magnetic pole 
position/speed estimating apparatus, 1-5 and 1-6 denote two 
to three-phase converters, 1-7 denotes a current controller 
and a speed controller, and 1-8 denotes a current detector. 

The current controller and the speed controller denoted 
by 1-7 are configured by a conventional control method such 
as the proportional integral (PI) or proportional integral 
differential (PID) control. In the magnetic pole 

position/speed estimating apparatus 1-4, a current detected 
by the current detector 1-8 is digitized by an A/D converter 
and then input. An output of the magnetic pole position 
estimating apparatus 1-4 is used as magnetic pole and speed 
estimated values in respective controls. 

In the PWM signal generating apparatus 1-3, the 
triangular wave comparison PWM control is used. Three-phase 
sinusoidal voltage command values and triangular wave carrier 
signals (carrier waves) having an arbitrary frequency are 
compared with each other by 1-3-5 in Fig. 4. If the voltage 
command is larger than the carrier wave, a signal which 
causes positive-side transistors of a PWM inverter to be 
turned ON, and negative-side transistors to be turned OFF is 
generated. If the voltage command is smaller than the 
carrier wave, a signal which causes the positive-side 
transistors of the PWM inverter to be turned OFF, and the 
negative-side transistors to be turned ON is generated. In 
usual triangular wave modulation, the amplitude, phase, and 
frequency of the carrier wave are constant in all the phases. 
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However, a sensorless control using carrier frequency 
components is conducted in the following manner. In the 
conventional invention, an arbitrary phase difference (in the 
embodiment, 120 deg. is set) is produced in carrier signals 
between respective two phases such as UV, VW, or WU of three 
or UVW phases. In the invention, means for switching over 
means 1 for producing an arbitrary phase difference in 
carrier signals between respective two phases such as UV, VW, 
or WU of three or UVW phases, and means 2 for causing the 
phase difference between two phases such as UV, VW, or WU of 
three or UVW phases to become zero is used. The detail will 
be described with reference to Figs. 3 and 4. 

Fig. 2 is a model of a synchronous motor incorporating a 
permanent magnet. A two-phase stationary coordinate system 
in which the U-phase of the three phases of the motor is a- 
axis and an axis intersecting the axis at 90 deg. is J3-axis 
is defined, and a two-phase stationary coordinate system in 
which an axis that is shifted by 45 deg. from the oc-axis is 
a' -axis and an axis intersecting the axis at 90 deg. is p'- 
axis is defined. The magnetic pole position can be estimated 
on the basis of maximum values which are obtained by moving 
averaging high-frequency currents in the four axes with a 
carrier frequency, and calculating respective maximum values. 

Fig. 3 illustrates the means for switching over the 
means 1 (Tl zone) for producing an arbitrary phase difference 
in the carrier signals between respective two phases such as 
UV, VW, or WU of the three or UVW phases, and the means 2 (T2 
zone) for causing the phase difference between two phases 
such as UV, VW, or WU of the three or UVW phases to become 
zero. In the figure, Tc indicates the period of the carrier 
waves, and T indicates the period of the switching. 

First, the magnetic pole position estimation in the Tl 
zone will be described. 

Fig. 4 is a view illustrating the PWM signal generating 
apparatus 1-3 which generates an output command signal for 
the voltage source inverter. In a signal output from a 
carrier signal generator 1-3-1, the phase shifter 1-3-2 
produces an arbitrary phase difference between respective two 
phases such as UV, VW, or WU of the three or UVW phases. In 
the Tl zone, a changeover switch 1-3-4 sets a Tl side to be 
turned ON, and a T2 side to be turned OFF. Tl or T2 is 
counted by a timer 1-3-3. As an example, it is assumed that 
the arbitrary phase difference in the Tl zone is 120 deg. 
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Then, the carrier waves are trO, trl20, tr240 shown in Fig. 3, 
and high-frequency voltage components included between output 
terminals of the inverter can be expressed by following 
expression 1: 



u 



u 



cfcu 
cfcv 



cfcw 



2E 



■cos 



71 



%U 



ref 



\ 



2E 

7t 

IE 



•cos 



nv 



IE 

\ 



sm(o) k t) 



J 



ref 



2E 



J 



{ 



cos! 



ref 



IE 



sin(6y-120') 



sin(6? A r+120°) 



(1) 



\ J 

where E indicates the dc link voltage, u C hcu/ u ch cv/ u C hcw 
indicate high-frequency voltages of the and W-phases, 

respectively, u ref , v ref , w ref indicate phase voltage command 
values, and co h indicates a carrier angular frequency. 

On the contrary, relationships between the high- 
frequency voltages and the high-frequency currents are 
expressed by following expression (2) : 
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(2) 



icfcv/ and icfcw 

V-, and W-phases, 



high-frequency 
respectively, L 
indicates an inductance, L uu , L VV / and L w indicate self 
inductances of the U-, V-, and W-phases, respectively, and 
the others indicate phase-to-phase inductances. 

In the example, the motor in which a permanent magnet is 
incorporated in a rotor has electric salient poles. 
Therefore, the inductances contain information of a magnetic 
pole position 9 as shown in following expression (3) : 
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L„=-Lj2-L g2 cos(20-12O°) 
£„ = -^ o /2-Z 82 cos(20) 

L m =-L gc /2-L g2 cos(2e + l20°) 
L m =L t +L go -L s2 cos(2e) 
L w =L s +l so -L g2 cos{29 + \20°) 
L m =L s +L go -L gl cos(2e-W) 



(3) 



where L g0 indicates the magnetizing inductance in the 
air gap flux, L s indicates the leakage inductance of a 
stator, and L g2 indicates an inductance the degree of which 
depends on the angle. 

When expression (2) is 
stationary coordinate system, 



converted to a stator-based 
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= 3L q2 /2 



where L sum = L s + 3L g0 /2, and L d iff = ^J-. g 2/ 

From expression (4), current differentiation values are 
obtained as shown in expression (5) . When both sides are 
integrated, expression (6) is obtained. 
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From expression (6), the magnetic pole position 
information sin(20) and cos (20) are derived: 
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In the case where the amplitudes of the voltage command 
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values are low in a low speed region, and the sampling period 
is shorter than the carrier period, the voltage integration 
value can be dealt as a fixed value as in following 
expression (8) : 

l U cfcad = Ucfca&> \u^dt = U c/cfi At (8) 
At: sampling time 

When Uah is a peak voltage, u ph = 0. At this timing, 
therefore, cos (29) is calculated from expression (9) as 
follow : 

r (l 2 -L 2 ) i 
cos(20) = ^=---^= ^> — ^— (9) 

L iff L diff U cfca ' At 

When up h is a peak voltage, u a h = 0. At this timing, 
therefore, cos (20) is calculated from, expression (9) as 
follow: 

COS (2fl) = -^HL+ ' ) — [jjg — (10) 

L dif Ljff u c/cf " to 

At the point where 0 is advanced by 4 5 deg. from the 
point of Uah = 0/ Uah = u ph . At this timing, therefore, 
sin (20) is calculated from expression (9) as follow: 

sin(2ff) = — ^ m _ x * a 4 ' C W in) 



L diS L dif ["cjca+tcfc/)}? 1 ' 



At the point where 0 is advanced by 135 deg. from the 
point of Uah = 0, Uah = -u ph . At this timing, therefore, 
sin (20) is calculated from expression (9) as follow: 



sin^Jk+^'V (12) 

L m L m K™ + W A ' 



As a result, it is possible to detect the position of 
the magnetic pole. 

As shown in Fig. 2, a two-phase stationary coordinate 



13 



system in which a point where 6 is advanced by 45 deg . from 
the a-axis is a' -axis and an axis intersecting the axis at 
90 deg. is (B'-axis is defined, and high-frequency currents 
and voltage components in the axes are defined as shown in 
following expression (13) : 
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Considering that the current components in the states of 
expressions (9) to (12) are shifted by a power factor angle 
A«j) from the respective peak values as expressed by I i C fc<x I peak, 

I icfcplpea*, I icfca' I peak, and I i c fc P ' I peak, the current 
components are defined as shown in expression (14) : 
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(14) 
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cos(A^) 



At this time, the peak values of the high-frequency 
voltages in the respective axes are as follows: 

I U cf ca I peak= I U c f cp I peak^ I U cf C a ' I peak= I U c f c p ' I peak ( 1 5 ) 

When expressions (14), (15) are substituted to 
expressions (9) to (12) to calculate tan2G, expression (16) 
is obtained, and the magnetic pole position can be estimated 
by expression (17) . 
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Therefore, the power factor cos (A(|>) , the coefficients 
due to the inductances, and the offset value are eliminated. 
When the voltage in the sampling time is dealt as a fixed 
value, the inductances can be calculated by using only the 
carrier frequency component currents which are converted to 
the coordinates, respectively. The calculations are 

conducted by using the peak values of the currents at the 
timing. When averaging is conducted while obtaining absolute 
values of current values sampled in respective axes m the 
carrier frequency in place of instantaneous values of the 
high-frequency currents, therefore, the peak values can be 
extracted, so that the magnetic pole position can be 
correctlv estimated. 

In this example, the magnetic pole position is estimated 
on the basis of current values in a stationary coordinate 
system having four axes. However, it should be noted that 
this magnetic pole estimating method can be similarly applied 
to a rotating coordinate system (y-5, Y '-5') such as presented 

in claim 3. _ 

Fig. 5 is a block diagram illustrating the magnetic pole 

position/speed estimating apparatus. 

A band-pass filter (BPF) 1-4-1 extracts high-frequency 
currents of the same frequency band as the generated carrier 
signals, from the estimated current. A current coordinate 
converter 1-4-2 converts the extracted high-frequency 
currents to two-phase currents in a two-phase stationary 
coordinate system in which one of three-phase stator windings 
UVW is a-axis and an axis intersecting the axis at 90 deg. is 
(3-axis, and similarly the high-frequency currents to two- 
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phase currents in a two-phase stationary coordinate system in 
which the phase is similarly shifted by 45 deg. from the two- 
phase stationary coordinate system, or in which an axis that 
is shifted by 45 deg. from the a-axis is a' -axis and an axis 
intersecting the axis at 90 deg. is p'-axis. 

An average calculator 1-4-3 averages the high-frequency 
currents in the four axes in the carrier frequency, so that 
their maximum values can be extracted. In the example, the 
moving average method is used. It is experimentally known 
that, in the Tl zone, at least two or more current detections 
are 'required. A low-pass filter (LPF) 1-4-4 removes noise 
components from the extracted maximum current values. 
Finally, the calculation of expression (17) is implemented to 
estimate the position of the magnetic pole. 

When the position of the magnetic pole is estimated, the 
speed can be estimated from the estimated value. The 
estimated magnetic flux position is differentiated by a 
differentiator 1-4-5, and then passed through a low-pass 
filter (LPF) 1-4-6, thereby estimating the speed (0. 

Next, the magnetic pole position estimation in the T2 
zone shown in Fig. 3 will be described. 

In the T2 zone, the changeover switch 1-3-4 sets the Tl 
side to be turned OFF, and the T2 side to be turned ON. Tl 
or T2 is counted by the timer 1-3-3. As shown in Fig. 3, the 
carrier wave in the T2 zone is single. The high-frequency 
voltage components included between the output terminals of 
the inverter can be expressed by following expression (18): 
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In the T2 zone, usual triangular wave modulation is 
conducted, and the three-phase voltage command values and the 
single triangular wave are compared with each other. As 
shown in expression (18), therefore, high-frequency voltage 



16 



components of the same phase are obtained. Consequently, the 
voltage high-frequency voltages between phases are canceled 
out, and hence high-frequency currents are not produced. 
Therefore, it is impossible to estimate the magnetic pole 
position in the T2 zone. In the T2 zone, accordingly, the 
magnetic pole position which is estimated in the Tl zone is 
used. When the T2 zone is longer, the power loss and 
magnetic noises due to high-frequency currents are reduced in 
theory, but the accuracy of magnetic flux position estimation 
is impaired. When Tl and T2 are set in consideration of the 
application usage, however, it is possible to averagely 
adjust high-frequency current components which cannot be 
adjusted in the conventional art. 

While the invention has been described in detail with 
reference to a specific embodiment, it will be understood by 
those skilled in the art that various changes and 
modifications can be made without departing from the spirit 
and scope of the invention. 

This application is based on a Japanese patent 
application (No. 2002-291261) filed October 3, 2002, and the 
contents of the patent application are incorporated herein by 
reference . 

<Industrial Applicability> 

As described above, according to the invention, an 
arbitrary phase difference is produced in PWM inverter 
carrier signals between two of three or UVW phases to 
generate voltages and currents of carrier frequency 
components other than the driving frequency, and the position 
is estimated by using the carrier frequency component 
currents. In the conventional art, there is a problem in 
that the amplitudes of high-frequency currents cannot be 
adjusted, and the power loss and noises are increased. In a 
PWM output, three-phase carriers having an arbitrary phase 
difference between phases are switched to a single-phase 
carrier, and a time period of implementation is adjusted, 
thereby attaining an effect that the problems, i.e., 
adjustment of the amplitudes of high-frequency currents, and 
reduction of a power loss and magnetic noises are enabled, 
and the accuracy of magnetic flux position estimation is 
improved . 
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